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MEASUREMENT AND ANATLYSIS OF RADICFREQUENCY INDIGENOUS NOISE

by G. Anzic

NASA Lewis Research Center -
Cleveland, Chio

Sumsry

The results of two surveys of radiofrequency
noise in two urban areas are presented.

A limited survey of rf noise in the greater
Cleveland, Ohio area was undertaken during the
summer and winter of 1967. The noise measurements
were made at 480 and 950 megshertz. A portable,
self-powered rf nolse measuring system was devel-
oped to measure and record the root-mean-square
{rms) noise voltage at various urbsn sites. These
sites included residential aress, gpartment build-
ings, heavy and light industry, major street in-
tersections, and low and high voltage distribution
stations. A total of 40 recordings were made.

The noise observed was characteristically impul-
sive and random in occurrence. The noise levels
obtained during this survey indicate that the ex-
trapolation of noise levels from high frequency
and very high frequency data would yield valid
ultrshigh frequency noise data. " Although many
sources contribute to the overall rf noise envi-
ronment, the principal source was found to be
automobile ignition. :

A combined aerial and ground rf noise survey
was conducted in Phoenix, Arizona during the sum-
mer of 1968. The air and ground measurement sys-
tems was essentially the same. Noise measure-
ments were made at 0.3, 1, and 3 gigahertz clear
charnnels with a bandwidth of 2.7 MHz. Simulta-
neous air measurements were made while conducting
ground measurements at three of the ground loca=
tions. Five parallel paths were flown over the
city; one path was flown normal to the above
paths passing over the center of the eity. Ground
location measurements were made at six points on
the center flight line and the flight line normal
to it.

The rms noise level and average noise enve-
lope voltage were measured. Ten 3-dB-step com-
parators were also used to provide date on noise
amplitude distributions, noise pulse width, and
frequency of occurrence. Survey results indicate
that an aerisl survey of an urban area can be
performed in 5 to 10 percent of the time required
for a ground survey, and that high urban noise
areas are easily identified from noise date taken
from gireraft.

Introduction

One of the major problems in the design of a
communication system which is to serve a large
area is the rf interference or "electromagnetic
smog.” The “emog" introduced into the desired
signal incurs severe cost and power penalties in
8 system if the original signal has to be re-
covered without impairment. One source of this

unwanted interference in the near earth environ-
ment is man-made noise.

The UHF portion of the rf spectrum represents
8 region where a space to-earth comminication sys-
tem is feasible. Very little interference data
exists for this region of the spectrum. Most pre-
vious man-made rf noise investigations were limited
to narrow voice communication channels in the lower
region of the UHF spectrum.l:z To better charac=-
terize rf noise in future wide bandwidth data
channels, all surveys described in this paper em-~
ployed a channel bandwidth of 1 MHz or more.

In systems where many receiving termingls are
used and large area coversge is desired, the de-
sign is based on the high noise levels of the area
to be served. Since indigenous UHF noise closely
follows the activity of man, large populated areas

‘exhibit high noise levels and therefore must be

investigated.

The main objective of the investigations re-
ported was to identify and characterize noise in
urban areas in order to effectively design a space
to earth communication link at UHF frequencies.

It was desirable that the task of surveying a city
be done in g relatively short time and in g manner
that is economically attractive. The plan to
characterize a city's rf noise environment was im-
plemented in three phases as follows:

1. A limited survey of rf noise in the Cleveland,
Ohio area was undertsken during the summer and
winter of 1967.3 The entire survey, including the
data reduction, was performed by NASA-Lewis Re=~
search Center. Details of measurements and com-
plete survey results are forthcoming in a NASA
Technical Memorandum. An obvious limitation that
menifested itself during the Cleveland survey was
the large amount of time required to conduct a
ground survey. It quickly became apparent that
this method would not be suitable for an extended
survey because of long duration of measurement and
high cost.

2. A follow-on effort was undertaken to determine
if an aerial survey is a feasible aspproach to cb-
tain the desired data. An aerial survey is eco-
nomically more attractive and faster than a ground
survey. Lerge urban areas can be surveyed with
one gircraft in a matter of hours, while during
the same amount of time the noise characteristics
of only one ground location can be determined.
Although an aerisl rf survey ylelds only data
varying in limited time, prudently chosen survey
times within 1 day yield an area's daily noise
levels. To develop the technique of an aerial
noise survey, a combined aerial and ground rf
noise survey was conducted in Phoenix, Arizona
during the summer of 1968. The objectives of the



survey were to determine the correlation between
noise measurements taken from the air and from the
ground, and to demonstrate the ability to identify
high urben noise areas from aerial data. Details
of measurements teken during the survey, conducted
for NASA-Lewis Research Center by General
Dynamics/Convair are given in the contractor's
final re;pox"b.4 The contractor performed the aeri-
al and ground surveys; all data tapes were for-
warded to NASA-Lewis Research Center for data re=-
duction and correlation calculations.S Complete
results of the combined survey will be published
in a future NASA Technical Memorandum.

3. An rf noise survey of an older, heavily indus=-
trialized city is planned for the summer of 1970.
The city of Akron, Ohio has been chosen. A number
of measuring system modifications have been incor-
porated to lmprove the quality of data. The ac=-
tual ground and air surveys will again be per=-
formed under contract for NASA by General .
Dyna.mics/Conva.ir and all data will be analyzed by
Lewils Research Center.

This paper discusses the data reduction tech-
niques employed and presents the results obtained
from the survey already performed.

Radiofrequency Noise Survey of the
City of Cleveland, Ohio

Equipment and Procedure

System Description. Figure 1 presents a
block diagram of the rf noise measuring system
used in this experiment. To effectively sample
the different types of rf noise at a variety of
locations, a portable, self-powered noise megsur-
ing system was developed.

The root-mesn-square (rms) voltage output of
an amplitude modulation receiver was the noise
parsmeter megsured. This parameter is the mea-
sure of noise power commonly used in noise calcu-
lations. The rms noise data was recorded for
900-second periods at each locagtion. Two 4-MHz
channels were used throughout, the survey with
center frequencies at 480 and 950 MHz.

The recelver used was a solld state, self-
powered instrument with a noise figure of 10 4B
at 480 MHz and 12 dB at 950 MHz. The debected
output of the receiver was megsured by a cali-
brated rms voltmeter which also provided a de out-
put voltage proportional to meter deflection.

This voltage was then used as the input to a volt-
age controlled oscillator which will be referred
to as the noise oscillator.

The noise oscillator output was recorded on
one channel of a portable, self~powered, good
quality, stereo tape recorder. The output of a
fixed frequency oscillator, the reference oscil-
lator, was recorded on the other channel. During
playback, this channel then enabled correction
for recorder wow and flutter. All recording and
playback was done at 7.5 inches per second tape
speed.

The receiver detected output was also pro-
cessed through an audio amplifier to drive a
speaker., Since different types of noise (e.g.,
ignition, arcing, etc.) are easily distinguishable
by ear, noise identification presented no problems.

The antenna used was s freguency and polar-
ization adjustable corner reflector with a 10 dB
gain over g dipole. A telescoping mast was used
to raise the antenna to a height of 12 feet above
ground. The console consisted of the rms volt-
meter and signal and power conditioning with as=
soclated monitor meters as shown in Figure 1.

The system power supply consisted of a 28 V
bettery and a de to ac inverter to supply the ac
power for the rms voltmeter.

System Calibration. An impulse generator
was chosen as a portable gsystem calibration source
for field use since the excessive power require=-
ment of a laboratory standard made its use in the
field impractical. Prior to the fleld measure-
ments, a known value of noise was fed from the
laboratory standard into the receiver and moni-
tored on the rms voltmeter. The output of the
impulse generator was atbenuated to mateh the
noise standard by adjusting a calibrated attenu-
ator. This procedure calibrated the impulse gen-
erator in dB above KTB. During the field measure-
ments, a portable oscilloscope was used to monitor
the receiver output and detect signal clipping.

Data Reduction. Data reduction was accom~
plished in two parts. These were the laboratory
datsa processing and the final computer data reduc-
tion.

Figure 2 presents the schematic diagram of
the system used for lsboratory data processing.
Each survey run (900 sec) was divided into 30
equal time segments. The total number of cycles
from each channel was counted for each time seg-
ment. The corresponding noise and reference os-
cillator frequency counts, which then corresponded
to & time average over the segment, were printed
out for use in the final computer data reduction.
All print end count commands were generated by a
dual preset counter. Graphic noise and reference
channel data was also obtained for a visual check
of the tape recorder operation.

In the computer program, the nolse count,
corrected by the reference count was converted to
the noise power (dB sbove KTB). The nolse power
which was already averaged over each 30-second
segment of the run was also aversged over the
entire 900~second run.

Results and Discussion

Survey Sites. Forty recordings of rf noise
were made at various urban and suburban sites in
the greater Cleveland area. To provide & better
sample of different types and levels of rf noise,
the sites included residential areas, apartment
buildings, low and high voltage distribution sta-
tions, heavy and light industry, and major street



intersections.

Although many sources contribute to the over-
all rf noise environment, the examination of data
in this survey indicates that the principal source
is the automobile ignition. Out of 13 different
sites visited, only two could be identified where,
in addition to automobile ignition noise, other
types of rf noise were clearly present., These two
sites were a heavy industry site and a congested
intersection near a hospital, where in addition to
ignition nolse strong arcing and possibly spurious
emissions from diathermy were recorded. Automo-
bile ignition noise was easily identified by ear.
The corresponding rise and fall of noise level
with the approach end leaving of cars was very
evident.

For ease of data tabulation the survey sites
were grouped into urban noisy and urban quiet
areas, the selection criteria being the subjective
evaluation of the receiver sudio channel. Typical
urban noisy locations were

a. Congested intersections
b. Shbpping centers

c. Downtown areas

d. Heavy industry

where at 480 MHz the 900-second average noise
pover was approximately 28 dB above KTB and the
noise level remained below 35 dB above KTB for

90 percent of the time, At 950 MHz the average
noise power was approximstely 11 dB above XTB,
and the noise remained below 14 4B above KTB for
90 percent of the time. Figures 3 and 4 show the
noise deviation about average power levels and
noise probability distribution for the two fre-
guencies monitored at all noisy locations. The
noisiest location encountered was a congested in-
tersection where ignition noise predominated. The
average noise levels recorded were 33 and 12 4B
above KTB for 480 and 950 MHz, respectively.

Typical urban gquiet locations were:
a. Light industry

b. High voltage distribution stations
c. Apartment houses

d. Suburban residentisl area

where the average noilse level at 480 MHz was 1l dB
above KTB and remained below 13 dB above KTB for

90 percent of the time. At 950 MHz the average
noise level was 6 dB above KTB. The quietest area
visited was a typical suburban residential street
located about 1 mile from the nearest major traffic
route, where the noise levels measured at both fre-
quencies were below the 6 dB sbove KTB. The accu-
racy of the urban quiet noise levels at 950 MHz is
questioneble becsuse of the relatively high noise
figure of the measuring system.

Correlation with Other Surveys. The rf noise
obtained during this survey is compared in Fig-
ure 5 to the recent data obtained by three other
rf noise surveys in the high frequency (HF) and
very high frequency (VHF) regions of the spectrum
for urban, suburban, and rural areas. Narrow
bandwidth receivers (BW < 400 kHz) were used for
the other three surveys. The urban quiet noise
level at 480 MHz of the Cleveland survey agrees
with the extrapolated value of noise obtained from
the suburban data of references 6 and 7.

The noise levels obtained at noisy sites
during the Cleveland survey exhibit a somewhat
steeper slope than the values extrapolated from
the HF and VHF data would indicate. Such varia-
tions may be due to differences in measurement
techniques and survey site selection. In general,
the noise levels obtained in this survey indicate
that extrapolation of noise levels from HF and VHF
data would yield acceptable UHF noise data.

Noise Discrimination Due to Antenna Elevation
and Polarization. Most noise data recorded was
done with the antenna at horizontal polarization
and 0° elevation. A few noise recordings were
made with the antenna at vertical polarization and
45° elevation above the horizon. Due to the rela-
tively low antenna height (12 ft) and insufficient
nunber of data points, no conclusion could be
drawn as to the noise discrimination due to an-
tenna polarization or elevation,

Radiofrequency Noise Survey of the City of
: Phoenix, Arizona

Equipment and Procedure

Ground Survey. The ground measurements were
conducted at six city locations as shown in Fig-
ure 6. Radiofrequency noise was measured in clear
channels st or near 0.3, 1.0, and 3.0 GHz. The
receiving system, housed in a generator equipped
van, consisted of three low noise (NF < 4 dB) re-
ceivers (Fig. 7) followed by a data processing and
recording system (Fig. 8). Ground noise data was
measured as a function of antenna azimuth, polari-
zation, elevation above the horizon and time of
day. Six antennas, mounted on a 40-foot collaps-
ible tower, were used to receive rf noise. The
characteristics of the antennas were as follows:

Fre- Type Gain, Polarization

guency, dBi

GHz

0.3 Quad Dipole il Circular

.3 Corner Reflector 10 Vertical or

Horizontal

1.0 Helical 11 Circular

1.0 Horn 9 Vertical or
Horizontal

3.0 Helical 13 Circular

3.0 Horn 19 Vertical or
Horizontal

The noise measurements were made during the morning,
noon, and evening hours. No measurements were made



on weekends.

To properly characterize the noise and its
effect on wide-band channels, a noise bandwidth
of 2.7 MHz was used in all three survey channels.
The noise parameters measured were:

rms Noise

Average Noise Envelope

60 Hz Noise Component
15.75 kHz Noise Component

Ten 3-dB-step comparators were also used to pro-
vide data on noise amplitude distributions, pulse
width and frequency of occurrence. Simultaneous
air measurements were made while conducting the
ground measurements at three of the ground loca-~
tions.

Aerial Survey. A DC-3 ailrcraft, equipped
with an interference suppressed ignition system
and suitable electrical power generstors, was used
in the aerial survey. An air speed of 100+10
knots, at altitudes of 1000 and 4000 feet, was
used for all survey flights. The aircraft, fre-
quently used in scientific experiments of similar
nature, proved ideal for this task, since the
pilots were familiar with precise flying require-
ments.

The receiving system used for the airborne
survey was essentially the same as the ground sys-
tem, except that only circularly polarized anten-
nas were used. The antennas were mounted on re--
movable panels on the underside of the sircraft
fuselage.

Five parallel paths were flown over the city.
One path was also flown normal to the sbove paths
passing over the center of the city (Fig. 9).
Simultaneous ground measurements were made at
three ground locations while conducting the air
measurements. Like the ground measurements, the
alr measurements were also made during morning,
noon, and evening hours. An automatic sequence
camera was used to provide the photographic record
of ground area covered by the antenna pattern.
The sequence photos were used for noise source
identification and air data correction factor cal-
culation.

Survey Results

Ground and Aerial Noise Correlation., As
shown in Figure 10, the ground system received
noise from the following sources: sky (T ),
ground (Tg), the receiver itself (T..), and the
indigenous noise sources (T;) in the subtended
angle 6. TFigure 11 presents the weighting factor,
Gy, which was calculated from the integration of
the antenna gain as a function of angle 6, sub-
tended by the noise source. This angle is esti-
mated from the photographs taken at each ground
site. The noise temperature received at a ground
site (Tgr) can then be expressed as:

Top = 0-5(0) + O.5(Tg) + T+ GT, (1)

The noise power received by the airborne sys-
tem is shown in Figure 12. The airborne noise
temperature (T,.) consists of the ground tempera-
ture (T.), recelver system temperature (T,), and
the indIgenous noise temperature (T,). The
weighting factor (A ), representing the percentage
of ground area covered by indigenous noise sources,
was selected from the examination of aerial photo-
graphs. The noise temperature received by the
airborne antenna is:

Tar = 1.0 Tg + AiTl + TI’ (2)

Assuming that Tg, TS, and. Tr are negligible,
above equations yield the following correlation
expression:

3

A
E; (3)

[

8T o
Tgr

Results of the alr and ground data correlation for
0.3 and 1.0 GHz are shown in Figures 13 and 14,
respectively. It is evident that the aircraft
altitude and ground site selection greatly affect
the degree of correlation. As an example, the
correlation data for two ground sites is presented
in Table I. Air data collected at a 1l000-foot al-
titude tends to correlate better with the ground
data since the aircraft antenna becomes more se-
lective of noise sources in its narrower coverage
pattern.

In general, ground sites well immersed in
noise yielded better correlation data. On the
average, the air-ground correlation data indicates
that an estimate of the ground noise levels can be
obtained by subtracting 5 to 7 dB from the noise
level obtained at a 4000-foot altitude.

Aerial and Ground Noise Data. The air and
ground data was collected by a periodic sampling
of rf noilse at each of three frequencies. The
large quantity and variety of data recorded made
a computer data reduction almost mandatory. All
data tapes were first digitized. A computer pro-
gram was written to accept the digitized data and
either plot or print out the desired parameters.

Typical aerial noise data obtained during the
survey are presented in Figures 15 and 16. Radio-
frequency noise, seen from the aircraft flying at
4000 feet from west to east over the center of the
city is presented in Figure 15. Figure 16 shows
the results from another flight path, crossing the
center of town in a north-south direction.

In general, all airborne noise data indicates
that the noon and late evening average urban noise
levels are 2 and 6 dB, respectively, below the
noise during the morning rush hour traffic flow.
The average rf noise power levels at 0.3 GHz ob-
tained at an altitude of 4000 feet during the
morning, noon, and late evening hours were 19, 17,
and 13 dB above KI'B, respectively. This daily cy-
clic variation is typical of man-made rf noise.



Peak rush hour noilse levels were near 30 dB above
KTB.

Figure 17 shows the 0.3 GHz noise probebility
distribution deta of the city of Phoenix as seen
from a 4000-foot altlitude for all flights. Typi-
cal 1.0 GHz noise levels during morning rush hour
were 5 to 6 dB below the 0.3 GHz values, It is
interesting to note that a 3 dB difference in the
satellite power exlsts between the systems de-
signed to serve 60 percent of the ares (aversge
noise power) and 80 percent of the ares,

Figures 18 and 19 show computer presentations
of time comparators for 0.3 and 1.0 GHz channels,
respectively, indlcating the percentage of time
the nolse value exceeded the 3 4B steps ranging
from the receiver threshold to 30 4B above the
threshold. The rms vaelue of noise, also plotted
sbove the comparator data, i1llustrates the rela-
tively high peak to rms ratio typically exhibited
by all noise data.

The noise data, recorded at each ground site,
was reduced as a function of freguency, antenna
azimuth, antenna polarizsetion, and antenna eleva-
tion above the horizon. Typical noise predomi-
nating in most cases was the eutomobile ignition
nolse. Normally, the highest noise levels re-
corded gt a ground site occurred during morning
rush hour, while the lowest levels were recorded
during the late evening hours. Noonday noilse
levels were somewhat below the rush hour levels.
On the average, the ground noise followed the same
deily cyclic behavior exhibited by serial data.
This daily cyclic nature of rf noise level is di-
rectly dependent on the activity of man.

Noise data was found to be insensitive to
polarization during the ground messurements. No
3.0 GHz data is presented since most dete obtained
is questionable because of receiving system limi-
tations., The small quantlty of valid data ob-
tained indicstes that the rf noise was near the
system threshold for the mgjority of the time
(<4 4B sbove KTB).

Radiofreguency Noise Survey of the
City of Akron, Ohio

A combined ground and aerial rf survey of an
older, heavily industrialized city is planned for
the summer of 1970. The city of Akron, Ohio has
been selected. A number of measuring system modi-
fications have been incorporated to reduce the
quantity and improve the quality of deta. The
contractor, General Dynamics/Convair, will agsin
perform the combined seriel and ground noise sur-
vey. All data will be reduced by NASA-Lewis
Research Center.

Conclusions

The following conclusions were reached from
examination of serisl and ground survey data:

1. The major source of man-made radio interfer-
ence was sutomobile ignition.

2. The noise levels obtalned during the Cleveland
survey 1ndicate that the extrespoletlion of nolse
levels from high frequency and very high frequency
data would yield valid ultrahigh frequency noise
data.

3. The average radiofrequency noise levels (4B
ebove KTB) obtained during the Cleveland survey
wvere ag follows:

Noisy Sites Quiet Sites

480 MHz 28 11
950 MHz 11 6

4, An serial survey of an urban ares can be per-
formed in 5 to 10 percent of the time required for
the ground survey.%

5. An serisl survey can be used to identify high
urban nolse areas.

6. Cyclic behavior of noise is easily determined
from serial data.

7. Ground noise levels are 5 to 7 dB below the
noise levels calculated from measurements at a
4000~foot altitude.

8. Ground sites well immersed in noise ylelded
good. correlation with alr data.

9. Antenna polarization did not noticeably affect
the noise data obtained.
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TABLE I. SAMPLE AIR-GROUND NOISE CORRELATION (REF. 5)

[t = 300 MHz, B = 2.7 MHz.)

Ground site number

No. 3 Open Field

No. 10 Near Highway

Aircraft altitude, £t 4000 1000

Tor -89 ABME2 -92 ABM42
Ground antenna azimuth North East South Bast
Tor -102 dBMt2 | -102.5 dBM+2| -97 dRM+2 | -98 dBM+2
Ay -1 4B -1 dB 0 dB 0 dB
G, -8 dB -10 dB -3.5 4B -5 dB
Tar/Tgr Calc. 7 4B 9 dB 3.5 dB 5 dB
Tar/Tgr Exp 13 48 13.5 aB 4.54B | 5.5 dB
6 10° 50 45° 259
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Figure 5. - Radio frequency noise (ref. 3).
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Figure 6. - Map showing ground measuring sites (ref, 4).
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Figure 9. - Map showing flight paths (ref. 4).
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Figure 10. - Ground RF noise (Tgr) (see ref. 5).
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Figure 17. - Noise probability distribution (frequency =
300 MHz, altitude = 4000 feet) (see ref. 5).
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